The gene for NIPSNAP1 in C. elegans is present in a polycistronic operon encoding 4-nitrophenylphosphatase and non-neuronal SNAP25-like proteins, and therefore it is thought to contribute to vesicular trafficking (1) . NIPSNAP1 protein is expressed in brain, spinal cord, liver, and kidney, it has been reported to play several roles in the brain (2) (3) (4) (5) . NIPSNAP1 protein is localized in the postsynaptic density (PSD) fraction of synapses, and its level is increased during generalized seizures caused by kainate (2) .
The level of NIPSNAP1 mRNA is reduced in the brain of a mouse model for phenylketonuria, an inborn error of amino acid metabolism caused by phenylalanine hydroxylase deficiency (3) . NIPSNAP1, which localizes at mitochondria, binds to amyloid precursor protein that is implicated to Alzheimer's disease (4) , and branched-chain α-keto acid dehydrogenase enzyme complex that is disrupted in maple syrup urine disease (5) . The physiological functions of NIPSNAP1 in central nervous system remain unclear.
Recently, high-performance affinity latex beads, called SG beads, which are glycidylmethacrylate-covered glycidylmethacrylate-styrene copolymer core beads, have been used successfully to purify various proteins including drug receptors (6, 7) . SG beads have a number of excellent features, such as low nonspecific protein interaction and high purification efficiency.
In this study, we applied affinity chromatography using SG beads to identify nocistatin (NST)-interacting proteins for a better understanding of the molecular mechanism underlying the functions of NST.
NST is a neuropeptide that is produced from the same precursor protein as nociceptin/orphanin FQ (N/OFQ), which is an opioid-like neuropeptide that selectively binds to the N/OFQ receptor, NOP (8) (9) (10) .
Although NST does not interfere with the binding of N/OFQ to NOP or N/OFQ-induced intracellular signaling in vitro, it blocks N/OFQ-induced pain transmission in vivo (8) . NST itself exerts inhibitory effects, such as inflammatory pain responses (11) (12) (13) and morphine tolerance (14, 15) . NST also induces pronociceptive effects in inflammatory pain response at high doses (nmol) (16, 17) and nociceptive flexor reflexes (18) .
In addition to pain transmission, NST is involved in other central nervous functions such as learning and memory (19) , feeding (20) , and anxiety (21, 22) .
Although the pharmacological functions of NST have been studied
extensively, the precise molecular targets of NST and the mechanism(s) of pain regulation by NST remain unclear. Here, we identified NIPSNAP1, as an NST-interacting molecule, and demonstrated that NIPSNAP1 regulates the pain transmission mediated by NST.
EXPERIMENTAL PROCEDURES

Affinity purification of NST-interacting
proteins. Synaptosomal membranes were prepared from 4-to 5-week-old mice as described earlier (23 µM NST. NST-immobilized SG beads were prepared as described previously (6) .
After the beads had been washed with the lysis buffer, the bound proteins were eluted with 1 M NaCl. The bound proteins were subjected to SDS-PAGE and silver staining.
For analysis of mass spectrometry, the proteins were transferred to polyvinylidene difluoride filters (Applied Biosystems) and the proteins were stained with colloidal gold (Bio-Rad).
The stained bands were subjected to in-gel trypsin digestion, and the resultant peptides were analyzed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. and anti-NSP1-C, LVRHMESRIMIPLKISPLQ) according to the method described previously (8) .
Isolation of NIPSNAP and NOP cDNAs.
Anti-NSP1-N and anti-NSP1-I antibodies recognized specifically NIPSNAP1, but anti-NSP1-C antibody cross-reacted with NIPSNAP2 ( Figure 2B ). Other primary antibodies used in this study were as follow: mouse anti-β-tubulin protease-free bovine serum albumin, 100 µg/ml bacitracin, and 10 µg/ml pepstatin A. After the incubation, the reaction mixtures were applied to a Whatman GF/C glass filter pretreated with 0.3 % polyethylenimine.
The filter was then washed three times with 50 mM Tris-HCl (pH7.4) and 1 mM EDTA, and the radioactivity was counted by a scintillation counter. = 120 for 50 min, and either was taken as 100%.
Chemicals. NST was kindly provided from Yuji Nishiuchi, Peptide Institute, Minoh, Japan.
Statistical analysis.
All data were expressed as the mean±S.E.M. We evaluated statistical siginificance with the Student's t-test or the Mann-Whitney U-test for comparisons between two mean values.
RESULTS
Identification of NIPSNAP1 as an NST-interacting protein.
To identify molecules that interact with NST, we performed affinity purification using NST-conjugated SG beads, which have been successfully used as an affinity resin showing minimal nonspecific interactions. We tried to isolate NST-interacting proteins from the extract of synaptosomal membranes in mouse spinal cord solubilized with 0.3% n-octyl-β-D-thioglucoside. Although most protein bands were decreased by 7-30% in the presence of free NST (10 µM), the 29-kDa protein by 91%, the 28-kDa protein by 38%, and the 27-kDa protein by 63%. Three proteins with apparent molecular mass of ~29, 28, and 27 kDa interacted with the NST-conjugated SG beads in a concentration-dependent manner (Fig. 1A) .
These proteins did not bind to control beads;
and their band density decreased in the presence of an excess amount of free NST, but not N/OFQ (Fig. 1C) , suggesting that the interaction between these proteins and NST-conjugated SG beads was specific.
Mouse NIPSNAP1 (Accession number NP 032724.1; Fig. 1E ) was identified by mass spectral analysis of these proteins.
To confirm the interaction between these proteins and NST-conjugated SG beads, we cloned NIPSNAP1 cDNA from mouse spinal cord, and used expression vectors encoding the cDNA for transfection of Cos7 cells. By the same affinity purification procedure using NST-conjugated SG beads, two faint bands (~29 and 28 kDa) and one strong band (~27 kDa) were evidently detected on silver-stained SDS-PAGE gels when an extract from the membranes of Cos7 cells expressing NIPSNAP1 was examined (Fig.   1D (Fig. 1I) .
The predicted protein from NIPSNAP1 cDNA consisted of 284 amino acid residues with a calculated molecular weight of 33,363.
Although seven peptide sequences obtained by mass spectral analysis were found within (Fig. 2C) , the 33-kDa one was not detected with NST-conjugated SG beads (Fig. 2D) .
Immunoblot analysis using anti-NSP1-C antibody showed two faint bands (~29 and 28 kDa) and one strong band (~27 kDa) in the affinity purified eluate from the extract of synaptosomal membranes of mouse spinal cord (Fig. 2E) . The surface biotinylation assay using membrane protein NOP-HA and mitochondrial HSP60 as positive and negative controls, respectively, revealed that the 29-kDa NIPSNAP1 and HA-NOP, but not HSP60, were labeled with a membrane impermeable biotinylating reagent (Fig.  3A) . Furthermore, immunofluorescence was observed with both anti-NSP1-I (raised against the internal region of NIPSNAP1) and anti-NSP1-C antibodies in fixed-and permeabilized-Cos7 cells expressing NIPSNAP1, similar to HA-NOP and a cytoskeleton protein β-tubulin (Fig. 3B ). In the fixed-and non-permeabilized cells, the immunofluorescence at the cell periphery was detected with anti-NSP1-I and anti-HA, but not anti-β-tubulin. These results suggest that the 29-kDa NIPSNAP1 was expressed on the cell surface.
Expression of the 29-kDa protein of
NIPSNAP1 as the mature form. We examined the expression of NIPSNAP1 protein by immunoblot analysis using anti-NSP1-I and anti-NSP1-C antibodies. Anti-NSP1-I antibody specifically recognized NIPSNAP1, whereas anti-NSP1-C antibody recognized both NIPSNAP1 and NIPSNAP2 (Fig. 2B ).
Immunoblot analysis using the anti-NSP1-I antibody revealed that the 29-kDa protein was distributed in the brain, spinal cord, liver, and kidney (Fig. 4A) (Fig. 5D) . Also, specific antibody, similar to the intensity of wild-type mice (Fig. 5G) . (Fig. 5E) ; and (4) the inhibition of N/OFQ-induced allodynia by NST was abolished in NIPSNAP1 -/-mice (Fig. 6 ).
Involvement of NIPSNAP1 in the inhibition of N/OFQ-evoked tactile allodynia by NST.
Intrathecal (i.t.) injection of NST blocks
Since NIPSNAP2 is highly homologous to NIPSNAP1, NST may also bind NIPSNAP2. NST-conjugated SG beads bound the cell membranes transfected with NIPSNAP1 but not NIPSNAP2 (Fig. 1D) . These results suggest NIPSNAP1 has a higher affinity for NST than NIPNSAP2.
NIPSNAP1 is found to be localized in the mitochondria in rat liver and NIPSNAP1-transfected Cos7 cells, and the mitochondrial NIPSNAP1 forms complex with the branched-chain α-keto acid dehydrogenase enzyme complex and the amyloid precursor protein (8, 9) . In contract, NIPSNAP1 protein is localized in the PSD fraction of mouse forebrains (6).
NIPSNAP1 also binds the cell surface protein such as a highly selective Ca 2+ channel TRPV6, and inhibits TRPV6 activity (33) .
The NIPSNAP1 immunoreactivity in the pyramidal neurons of cerebral cortex is detected in the periphery area, in addition to the perinuclear area rich in mitochondria (9) . Consistent with these reports, Fig. 4C revealed the similar density of NIPSANP1 in both mitochondria and synaptic membranes, but the density of a mitochondrial marker HSP60 in mitochondria was 1.6-fold higher than in synaptic membranes. Hence, the discrepant ratio between NIPSNAP1 and HSP60 suggests that NIPSNAP1 was localized in not only mitochondria but also synaptic membranes. Furthermore, The mature form of NIPSNAP1 (29 kDa) was expressed on the cell surface, as revealed by analysis of biotinylated cell-surface proteins analysis and immunofluorescence analysis (Fig. 3) . The NST-conjugated SG beads bound the mature form of NIPSNAP1 (29 kDa) and its immunoreactive proteins (28 and 27 kDa) in the NIPSANP1-expressing Cos7 cells and the synaptosomal membrane of mouse spinal cord ( Fig. 2D and 2E ).
These results suggest that NST binds to at least the mature form of NIPSNAP1 probably localized at the cell surface.
NST inhibits N/OFQ-induced pain transmission such as allodynia and hyperalgesia (12) (13) (14) , inflammatory pain responses (15) (16) (17) , and morphine tolerance (18, 19) . The mature form of NIPSNAP1 was expressed in various regions of the brain and spinal cord (Fig. 4A and 4B ). The inhibition of N/OFQ-evoked allodynia by NST seen in wild-type mice was completely lacking in the NIPSNAP1 -/-mice (Fig. 6 ). Fig.  2A ), NIPSNAP1 may be involved in a novel mechanism of pain transmission regulated by NST independent of a signal pathway acting through a G protein-coupled receptor.
In the brain, the mature form of NIPSNAP1 was distributed in various brain regions (Fig. 4B) . NIPSNAP1 is found in The homogenates of various regions of the brain and spinal cord were subjected to immunoblot analysis with anti-NSP1-I, anti-NSP1-C, and anti-β-tubulin. C, Subcellular distribution of NIPSNAP1. The homogenate of mouse brain was subjected to subcellular fractionation. Each fraction (12 µg of protein) was analyzed by immunoblotting with anti-NSP1-C, NR2B, synaptophysin, and HSP60 antibodies. These experiments were performed at least 3 times, and similar results were obtained. P1, nucleus and cell debris; S1, crude synaptosomal fraction; P2, crude synaptosomal pellet fraction; S2, cytosolic synaptosomal fraction; PM, plasma membrane fraction; SM, crude synaptic membrane fraction; SV, crude synaptic vesicle fraction. 
